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Aims: Groundwater quality evaluation is important to gain an insight of 
contamination source. It can later be utilized to review the implementation of 
a water resource management policy in a specific region. This study evaluate 
the short-term temporal variation of groundwater quality and its possible 
contamination source in Sleman, Yogyakarta. Methodology and results: the 
statistical approach was utilized using boxplot, principle component analysis 
(PCA) and correlation matrices, to the data for 50 sampling sites. The data of 
groundwater quality are available from the local environmental authority of 
Environmental Agency Sleman. Data of total dissolved solids (TDS), pH, nitrite, 
sulphate, chloride, magnesium, fluoride, and iron were analyzed of three years 
(2017-2019) period. Conclusion, significance and impact study: The box plots 
revealed that groundwater quality might largely influenced by rainfall in the 
area. The factor loading of PCA presented that the ratio of concentration of 
both chloride and TDS are the most varied of all samples, and the less variable 
parameter is fluoride. The pair of groundwater quality parameter which had 
strong correlation were varied in each year, except for TDS and chloride that 
showed strong correlation in all three years. It is in alignment with the PCA 
result that shows TDS and chloride are the most variable parameter, which 
revealed the variability among periods.  Nitrite had strong correlation with iron 
in 2017 and, nitrite also had strong correlation with both manganese and 
fluoride in 2019. The existence of fluoride in correlation with other parameter 
might give an insight of contamination from livestock wastes, where in the 
study area there are many poultry and cow farms, and small scale chicken 
slaughter industries. This study gives preliminary understanding on temporal 
variation of groundwater quality, for further research on groundwater quality 
in Sleman, Yogyakarta. 
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Evaluation of groundwater quality is important to assess and formulate a sustainable water 
resource management. The quality of groundwater is influenced by both natural factors and 
anthropogenic factors (Machiwal and Jha, 2015). Various tools and techniques are performed to 
understand the groundwater quality, such as applying statistical test in a arstic aquifer (Elci and 
Polat, 2011), using geopraphic information system or GIS (Machiwal et al., 2011; Verma et al., 
2019), and characterizing groundwater quality using multivariate statistics (Adhikary et al., 
2014;  Doza et al., 2016; Gulgudi, 2018; Jiang et al., 2015). Many studies also conducted in order 
to understand the temporal influence on groundwater quality, such as assessing spatial and 
temporal variation on nitrate contamination in groundwater (Biddau et al., 2019; Wijayanti                 
et al., 2013), and using multivariate statistical techniques on evaluating spatio-temporal 
variation of groundwater quality (Zhang et al., 2020;  Pashaerifar et al., 2021). 
Groundwater quality in recharge region is very important to be monitored and regulated. 
Sleman region is strecthed from the Merapi Mountain down to the upper part of Yogyakarta 
Province. The groundwater in Sleman Region has been facing vast urbanization during the last 
few decades that has put this region vulnerable to groundwater quality problems (Wijayanti                
et al., 2018). Therefore, this study was performed to identify the groundwater quality in regards 
to temporal variation and to approximate the possible contamination source by using statistical 
techniques. 
 
2. RESEARCH METHODOLOGY 
 
2.1 Study Area and Data Collection 
 
This study takes place at Sleman Region, Yogyakarta Province, Indonesia which stretched from 
7o34’51” to 7o47’03” South and from 110o15’13” to 110o33’00” East. It is an area of 57,482 
hectares. Topography condition consists of flat, hilly, and mountainous area with the elevation 
between 100 m up to 2,500 m above sea level. There are four classes of this elevation: <100 m, 
100-499 m, 500-999 m and > 1,000 m above sea level. Geological formation of Sleman 
dominated by vulcanic sediment as much as 90% of the total area. The soil type are mostly 
regosol of wide as 49,262 ha (85.69%), followed by mediteran 3,851 ha (6.69%), litosol 2,317 ha 
(4.03%) and grumosol 1,746 ha (3.03%). 
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The groundwater quality samples in 50 locations in year 2017, 2018 and 2019 were 
collected from the annual report published by the Environmental Agency of Sleman Region that 
has been consistently monitoring groundwater quality (IKPLHD Sleman, 2017; IKPLHD Sleman, 
2018; IKPLHD Sleman, 2019). The groundwater parameters consist of pH, Total Dissolved Solids 
(TDS), Chloride (Cl), Fluoride (F), Manganese (Mn), Nitrite (NO2-N), Nitrate (NO3-N), CaCO3, 
KMnO4, Sulfate (SO4), Iron (Fe), Total Coliform, Zinc (Zn), and Turbidity. However, the challenge 
in this study was, not all parameters were collected every year. One or two parameters were 
monitored in one year, but not in other year. Hence, this study utilized the set of parameters 
which collected consistently within 2017 until 2019, in order to analyse the temporal variation. 
Therefore, the water quality parameters used in this study are: pH, Total Dissolved Solids (TDS), 




Figure 1 Sampling points in study area of Sleman, Yogyakarta (DIKPLHD Sleman, 2018) 
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2.2 Analysis of the Statistical Distribution of Groundwater Quality Parameters 
 
Box plots for groundwater quality parameters in study area of three years were developed.                
The box plot is beneficial for describing important information on parameters distribution 
(USEPA, 2006). It is composed of a central box with a square and a line in the box. There are 
whiskers outside this box consists of two lines outside the box. A line at the top, bottom and 
within the box indicates the 25th percentile, 75th percentile and the median, respectively. The 
length of the box and whiskers represents the extent of the central 50% data and the rest of the 
data, respectively. 
 
2.3 Principal Component Analysis and Correlation Matrix 
 
The principal component analysis (PCA) was widely utilized to evaluate multivariate and 
potential correlation between the parameters (Bhuiyan et al., 2015; Bencer et al., 2016; Zereg 
et al., 2018). The objective of this analysis is to transform the data table into uncorrelated set of 
factors defined as principal components (PC) and to extract the data information. This approach 
extracts the data by leaving only the significant information, and exploring the composition of 
the data (Abdi and Williams, 2010).  
The first step was to standardize the original variables to remove the influence of 





      (1) 
            (1) 
where Zij is the jth value of the standardized variable i. Xij is the original variable at jth 
observation of the ith variable, xm is the mean value and Si is standard deviation of all data 
(Davis, 1973; Liu, 2003). 
The correlation matrix, bivariate method, was utilized to measures the closeness of the 
relationship between independent and dependent variables in terms of spearman correlation 
coefficient. If the correlation coefficient is nearer to +1 or -1, it shows the probability of linear 
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The correlation coefficient matrix measures with the level “strong” for the correlation 
coefficient (R ) value  > 0.75, “moderate” for R of 0.75-0.50 and “weak” for R of  0.50-0.30                 
(Liu et al., 2003).  
 
3. RESULTS AND DISCUSSION 
 
3.1 Groundwater Quality in Each Period 
 
Box plots of groundwater quality shows variation in temporal variation of several quality 
parameters over different years (Figure 2). An interesting finding was the presence of outliers 
(circle shape) and extremes (star shape) for all parameters except chloride. This could be a hint 
that spatial series of few groundwater quality parameters do not follow normal distribution. The 
pH values in the study area showed temporal variation from 2017 to 2019. The pH value is 
influenced by carbon dioxide from the atmosphere, microbial activity and photosynthesis 
(Hitchon et al., 1999). Hence, the pH variation is might due to rainwater which containing 
carbon from the atmosphere. However, the range of pH values are within drinking water 
standard of 6.5-8.5 (Ministry of Health, 2010). The high value of iron (Fe) in groundwater could 
be a sign of contaminants from rocks (Aghazadeh and Mogaddam, 2010). However Iron, 
Flouride, Manganese and Nitirite were low in groundwater samples, shows that low 
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Figure 2 Box plots of groundwater quality parameters pH, TDS, Mn, Fe, F, Cl, and SO4 
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3.2 Principal Component Analysis 
 
The outcome of the principal component analysis was shown in Table 1. This study utilized only 
component of factors with eigenvalues that above one (Kaiser, 1958). The cumulative variation 
of first two components were 57.9%, 48.2% and 68.4%, for year 2017, 2018 and 2019, 
respectively. In order to investigate multivariate relationships and relative proportion between 
parameters, the scatter plot of variant (Figure 3) for the first two principal components (PC1 
and PC2) was developed. The longest rays from the origin indicates the most variable of all 
sample (Zakhem, 2017; Biddau, 2019). In 2017, chloride had the longest ray of all samples, so it 
has the most variability in ratio of concentration value (Figure 3.a). The shortest rays were 
fluoride and manganese indicating that the ratio of concentration is less variable. As in 2018, 
the longest distance from the origin were chloride and TDS (Figure 3.b). It shows that the ratio 
of concentration of both chloride and TDS are the most variable of all samples, and the less 
variable parameter is fluoride.  
 










Year 2017            
PC 1 2,937 36.71  0.456 0.752 0.653 -0.281 0.824 0.025 0.607 0.781 
PC 2 1,698 21.23 57.94 -0.63 -0.5 0.685 0.089 -0.286 0.047 0.697 0.066 
Year 2018            
PC 1 2,262 28.28  0.031 0.109 -0.041 0.96 0.525 0.95 0.963 0.383 
PC 2 1,585 19.81 48.09 0.517 0.923 -0.013 -0.259 0.673 -0.262 -2.52 0.711 
Year 2019            
PC 1 3,201 40.01  0.031 0.109 -0.041 0.96 0.525 0.95 0.963 0.383 
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Figure 3 Principal component factor loadings of PC 1 and PC 2 in year (a) 2017, (b) 2018, (c) and 2019  
 
 
In year 2019, the most variable parameters were nitrite and iron, and the less variable 
parameter was iron and pH (Figure 3.c). There was different groundwater parameter which has 
the most varied value occurs among period of three years. Chloride appeared as the most 
variable parameter in both 2017 and 2018, but less varied in 2019.  
 
3.3 Analysis of Correlation Matrix 
 
The correlation matrix using Pearson’s coefficient was utilized to present the relationship 
among groundwater quality parameters (Table 2). Both strong (with p less than 0.01) and 
significant correlation (with p less than 0.05) were exist in groundwater data. In all year, the 
Chloride (Cl) showed a positively significant correlation with TDS as much as r = 0.78, r = 0.82 
and r = 0.78 in year 2017, 2018 and 2019, respectfully. Nitrite (NO2-N) had strong correlation 
with iron (Fe) in 2017 and, nitrite also had strong correlation with both manganese (Mn) and 
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Fluoride (F) in 2019. Manganese showed strong correlation with Fluoride as much as r = 0.985 
(2019).  The existence of Fluoride in correlation with other parameter might give an insight of 
contamination from soluble fertilizers and livestock wastes (Sharma et al., 2016; Routroy, 2013). 
In study area, there are many poultry and cow farms, and small scale chickens slaughter 
industry, without a proper waste water treatment unit.   
 
Table 2 Pearson’s correlation matrix in year 2017, 2018 and 2019 
 
*. Correlation is significant at the 0.05 level (2-tailed) 




Parameter pH TDS Fe Mn CI F NO2-N SO4 
Year 2017 
pH 1 .537** -.032 -.100 .385** -.132 -.058 .246 
TDS  1 .151 -.121 .784** .001 .129 .455** 
Fe   1 -.061 .309* .035 .852** .482** 
Mn    1 -.149 -.188 -.051 -.269 
CI     1 -.041 .292* .525** 
F      1 -.115 .175 
NO2-N       1 .380** 
SO4        1 
Year 2018         
pH 1 -.327* .098 .272 -.258 .035 .175 .163 
TDS  1 -.156 .039 .826** .156 -.108 .259 
Fe   1 .298* -.233 .046 .318* -.002 
Mn    1 -.062 -.105 .241 .069 
CI     1 .002 -.066 .332* 
F      1 .204 .020 
NO2-N       1 -.048 
SO4        1 
Year 2019         
pH 1 -.310* .037 -.072 .046 -.042 -.042 .426** 
TDS  1 .018 -.124 .785** -.149 -.132 .540** 
Fe   1 -.030* -.081 -.002 -.015 -.014 
Mn    1 .325 .985** .992** .154 
CI     1 .285* .305* .485** 
F      1 .991** .194 
NO2-N       1 .188 
SO4        1 
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Also, although there are no existence of major industries in study area, home industries and 
agricultural activities could contributed in groundwater contamination (Doza, 2016). However, 
sulphate (SO4) correlation with other parameters are decreasing from 2017 to 2019, which can 
indicate the reduction of contaminant from agricultural fertilizer. 
 
4. CONCLUSION  
 
This study presents statistical approach for exploring temporal variations (2017-2019) of 
groundwater quality to identify the contaminant source by using the box plots, PCA and 
correlation matrix method. The box plots analysis result indicated pH variability that might due 
to rainwater which containing carbon from the atmosphere. Iron concentration was low in 
groundwater samples, in all years, which can be a sign of low contaminants from rocks in the 
study area. The result of both PCA and correlation analysis were indicated the variability of 
groundwater quality within three years. Also, both results give an insight of groundwater 
vulnerability of livestock wastes contamination. This finding is in alignment with the fact that in 
the study area there are many poultry and cow farms, and small scale chicken slaughter 
industries. The result of this study presented a prior understanding on temporal variation of 
groundwater quality in Sleman, to further research on groundwater quality. 
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